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ABSTRACT

This report presents the sample world-wide satellite tracking
program carried out by the Army Map Service. By using satellites
with known heights and inclinations and the coordinates of kmown
points on geodetic datums, the coordinates of unknown points were
related to these datums., The known and unknown points used in
each segment of the program are presented, and the probable error

in the correction to each unknown point is given.

This program is intended to be a theoretical problem for
testing the range error analysis theory and equations and the resulting
errors which would be associated with each determined position;
therefore, the coordinates used for the known and unknown points

were taken from maps and gazetteers and are only approximate,

i1



I.
II.
III.

V.
VI,

TABLE OF

General Plan
Method
Equations
Results Tables

LI 4

CONTENTS

Summary of Results

Conclusion

il

Page



RANGE ERROR ANALYSIS

I. GENERAL PIAN

In order to determine as accurately as possible the coordinates of
an unknown geodetic point on the earth in relation to other known points,
satellites with known heights and inclinations are used. Since the
absorption and refraction of the satellite signals increase with the
otserver's zenith distance, the accuracy of the signals received de-
creases accordingly; therefore, the satellite must necessarily be
observed within a limited zenith distance. Applying this restriction
three points on a known datum and a fourth point on an unknown datum
are chosen, and the area of simultsneity is determined (Figure 1). As
the distance between the points decreases, this area increases (Figure 2).
However, the angle between the lines of sight from the ground stations
to the satellite becomes so small that the accuracy of the information
obtained is greatly reduqed (Figure 3). For this reason the points
must be chosen carefully.

Given the geometry set by the four stations, and with certain
agsumptions made regarding the ranging error, the error in the position
of any one of the four stations can be determined. This is a simple
application of the principle of propagation of errors that would occur
in a planned world-wide triangulation net created by positioning at and

tracking from four points (ranging stations) of the net at one tims.
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II. METHD

In sach configuration of fou_r stations, the station coordinates
and three satellite points chosen from within the area of simlta-
neity were incorporated into a series of matrix algebra solutions
from which ultimately evolved the probable error in the corrections
to the unimown station coordimates.

I1I1. ATIONS _
The oqua"tiou R thair derivations , and the method of solutiom

" are as followss
Satellite Positions (815, 823, 8%;) and Station Positions
(x . i31) are referred to an earth-fixed rectangular system
with origin at the center of the reference ellipsoid, X-(8') axis
lying in tha' equator and directed positively toward the Greemwich
Meridian, X3(83) wils positive toward the North Pole and X2(S2)
‘axis forming a right-hamded system. The basis for the analysis is
the distance relatiom

(1'31)2 = (81:] - 111)2 + (323 - 121)2 + (333 - 131)2
which yields the error equation

Dry = éi Ekl__;:i‘ (a8} - ox
with J satellite positions observed from each of four stations
(station i assumed 'ﬁaknm"). These equations may be arramged

as fc;l]'.on H
h -



k= 1’2’3

(V9

= 1,2,3

pra] = wfact] - cfad]

J - 1’2 oao,J

- kl k k'1,2,3
U B8] - Q18X
fro - wpel] - o]

J
" where:

] [ 1] 1]
) AT11 Sy 1
At Ar 2
y L 12 = 1
[A X,t] - AXﬁ ,[Arjj] - ArlB ’PSI:;]! .[AX;‘] .
{zkx%] ¥Xr21 L :
. AS3 oxg
argy| s pr)

and the Q, are shown on the following pages.

Choosing three suitably located satellite positions and as-
suming the variances in ranges and "known" station coordinates are
known, the final relation MOA °M' gives the variances in the
corrections to the "unknown" station coordinates.

Varisnce Matrix of Point lLocated By Ranging

Givent sg‘, kK =1,2,3 and § = 1,2, eva,d
and 1K,
compute for each pair (j i):

K= 1’2,3 ‘nd is= 1,2,3,& [}



ryy - ‘1[2%(S§ - xlf)2 and for each set (3 1 k):

k' - xk

rji

)

Q3ik

Form the matrices Qp, Q2, Q3, Qh’

e a3, 3 ¢ ° 0 ... 0 00
Gp1 Gpp 23 0 O O ... O 0 0O
Gy 3 Y4y © O O .. O O 0
0 0 0 q%ll q212‘ QBGy3 ¢ v 0 0 0
0 0 0 app1 Qg2 9pp3 °* °° 0 0 0
Q* O O 0 gy Qg G233 ¢+ O O O
e ve e se ee ee eee 0 0 0
i e ce ee ss a9+ s+ eee 0 0 O
o o o 0 0 0 ...am dn2 3
0 0 0 0 0 0+ +dy 92 923
0o 0 ©0 0 0 0 ...q53 93 an




a1 a13 0 © O 0o 0 o0~
O 0 a1 9 23 0 O O
0 o 0 0 0 a5 943 93

P12 913 O 0 0 0 0 0
0 0 @1 Gy Gy O O O

0 0 0 0 0 g3 3 %33

QJ12 quB 0 0 0 0 0 0
O 0 ap a2 ae3 0 .0 O
c o 0 0 0 aq3; a3 qJ33_J

0 0 Q)1 q2u2 q2h3 0] 0 0 .+ 0 0 0

o. 0 | 0 0 0 gy, a4, th; .

* . * * L] L] L] L] L] . L] * L] L . L] L] L]

Yu1 Yy Wu3

%) N3
Q)2 9243
B2 9313
APl 3

. Ld * L)

* L] L] *

QL2 )3 ]




The dimensions of matrices Q. QZ’ Qé, Qh are as follows:

Matrix Rows  Columas
Q 3J 3J
Q, 3J 9
Q3 J 3J
Qh J 3

Compute the matrices:

¢ - [0 e ot = {oml
B = 0Q [QlTQﬂ 1T = o)
A = BQ = j.mi
and form the matrix
| M = [A | Blg]

Compute:
{ox,? } - Mop? M

where the elements 'of 0?2 are given.

The dimensions of matrices A, B, C, M, {o’th} o/\ are as follows:

A 3 9

B 3 3J

c 3 J

M 3 hd » 9
{°’2th 3 3
oA Lbd +9 Wy + 9

The derivation of the equations is as follows:



[Arjﬂ - Q -/_\s‘j‘- - Q [/Ax‘i‘] I
! _ F — , _
o] fond] ore]ornfot] o] 2
ok ] K
Esrj;] = Q3 |osf| - [Axh] III

-1 roo -1 rk k
- E}LFQL] QhTLArjlﬂ +[QhTQh] Qo3 Lasj] - qu] ™
Substituting II in IV and setting
c = [QhTQh:I gl
B % (Q [élTQi] -1 QT

the equation becomes:

] - aod] « 2fons] - ofond

_ . A
p] - flsl4] [
- At o« s o
AR ST
B
Setting
AxE |
[A]BIC]'i M, |Ary = A
i

Then O Ath = MO’AzMT = the variances in the corrections to

the "unknovn’ stalion cocrdinates,
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IV, RESULTS TABLES

The variances (probable errors) computed for 73 "unknown"

station coordinates ranged from # 89.4 meters to + 589.6 meters.

0f the 73 variances computed, 55 (or 75%) were in the interval

of + 100 to # 300 meters,

than + 100 meters.,

There were only 2 variances less

The following table shows the distribution

of the variances and the final results,

INTERVAL | 0 - 99 | 100-199 | 200-299 | 300-399 | L400=499| 500-599
(Meters)

NO. OF

VARIANCES 2 32 23 7 5 h

The station coordinates, satellite positions, and plotted

areas of simultaneity used for each configuration in the error

analysis are shown on the following pages.

the world-wide progranm.

10
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50° Inclinatior

SATELLITE A
Height = 110l KM
Phase I -1 '
Johnston, Kauai, ILaysan - - - Tarawa
g A h(meters) Name
1 16.75 169451667 12 Johnston
. Knowm
2 21,96667 =159.6667 6 Keuai Stations
3 25.76667 =171,73333 11 laysan
N 1.38333 173.15 3 Tarawa Unknown
I 7.8 178.0 1104000 Satellite
Positions
II 6.0 176,0 11044000 Fixed by
Unknown
IIT 2.4 165,2 1104000 Stations
I 2Lh.h =167.3 1104000 Satellite
Positions
IT 22,1 ~163.6 1104000 Fixed by
Knowa
III 18.7 «167,0 110},000 Stations

FINAL RESULTS:

Limit 60° Zenith Distance

Tarava % 99.3 Uncertainty (Meters)
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24

22—
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18 p—

16—

SATELLITE A, PHASE I-1
JOHNSTON, KAUAI, LAYSAN-TARAWA
(KNOWN) (UNKNOWN)
SATELLITE POSITIONS FIXED BY KNOWN STATIONS
LIMIT 60° ZENITH DISTANCE

50° INCLINATION
+LAYSAN

«KAUAI

+« JOHNSTON
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174

172 170 168 166 164 162 160
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SATELLITE A, PHASE I-1
JOHNSTON, KAUAI, LAYSAN-TARAWA
(KNOWN) (UNKNOWN)
SATELLITE POSITIONS FIXED BY UNKNOWN STATION
LIMIT 60° ZENITH DISTANCE
50° INCLINATION
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0° Inclination

SATELLITE A
Height = 110l KM
Phase I -2
Johnston, KXauai, Hawaii --- Palmyra, Howland
] A h(meters) Name
1 16.75 -169.51667 12 Johnston
Known
2 21.96667 =159.66667 6 Kauai Stations
3 19,21667 -155.86667 457 Hawaii
L 5,86667 -162.1 2 Palmyra Unknown
Station
I 16.5 =167.5 1104000 Satellite
Positions
II 16,9 =157.5 1104000 Limit 60°
Zenith
I1I 10,2 =162.0 1104000 Distance
L 048 =176.63333 9 Howland Unknown
Station
I L.2 17642 1104000 Satellite
Positions
II 6.4 180,0 1104000 Fixed by
Unknown
I1I 3.8 =16942 1104000 Station
I 21.8 =167.6 1104000 Satellite
Positions
I 21.5 =163.5 1104000 Fixed by
Known
I11 Wb -162,2 1104000 Stations
FINAL RESULTS:
Palmyra 4 584.6 Uncertainty (meters)
Howland t 157.8 " "
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SATELLITE A, PHASE I-2
LIMIT 60° ZENITH DISTANCE

SATELLITE POSITIONS FIXED BY KNOWN STATIONS
(JOHNSTON, KAUAT, HAWAII) FOR ORBITAL
OBSERVATION WITH UNKNOWN (HOWLAND)

22 — «KAUAI
oI
<HAWAII
18 —
«JOHNSTON

16 —

14 —

. | 1 ) 1 | 1 1 | |
-172 —-170 — 168 —166 — 164 —162 - 160 —158 —156 — 154
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22

20

SATELLITE A, PHASE 12
JOHNSTON, KAUAIL HAWAIL-
(KNOWN)
PALMYRA
(UNKNOWN)
SATELLITE POSITIONS FIXED BY KNOWN N1TA ['[ONS
WITH UNKNOWN STATION FOR SIMULTANKOUS OBSERY ATTON
LIMIT 60° ZENITH DISTANCE

SKAUAI
HAWAIL,
JOHNSTON ,
+PALMYRA
) ' [ 1
1 | i 1 1 I | i ]
178 - 172 - 170 168 . 166 164 162 160 158 156
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SATELLITE A, PHASE 1-2
JOHNSTON, KAUAI, HAWAII-
(KNOWN)
HOWLAND
(UNKNOWN)

SATELLITE POSITIONS FIXED BY UNKNOWN
STATION FOR ORBITAL OBSERVATION
LIMIT 60° ZENITH DISTANCE

HOWLAND

1 I l I

L

1

]

174

176

178

180 -178 ~-176 174

19

—-172

-170

—~ 168



50° Inclination

SATELLITE A
Height = 1104 KM
Phagse I - 3
Wake, Eniwetok, Maloelap --- Midway, Howland
@ A h(meters) Name
1 19.26667 166,65 6.0 Wake
Known
2 11.3%5 162.33333 5.0 Eniwetok Stations
3 8 09 170 085 h.O Maloellp
ll- O. 8 "'176 063333 9 0 Howland Unlmowa
Station
I -5.0 178.0 1104000 Satellite
Positions
II 6.2 176.4 1104000 Fixed by
Unknown
IIT -1.0 -168,.8 1104000 Station
I 12.0 163.5 1104000 Satellite
Positions
II 16.5 168.5 1104000 Fixed by
‘ Knowm
IIT 12,1 170.3 1104000 Stations
L 28.21667 -177.33333 3 Midway  Unknown
Station
I 22,6 176.9 1104000 Satellite
Pogitions
II 32.7 176,0 1104000 Fixed by
Unknown
IIT 29.0 16742 1104000 Station
FINAL RESULTS:

Howland

Midway

"

t 102.2

195.; Uncertainty (meters)



20 —

12 |~

10 —

SATELLITE A, PHASE I-3
WAKE, ENIWETOK, MALOELAP
(KNOWN)

LIMIT 60° ZENITH DISTANCE

SATELLITE POSITIONS FIXED BY KNOWN
STATIONS FOR ORBITAL OBSERVATION

WAKE

ENIWETO!

MALOELAP

158 160 162 164 166 168 170 172 174 176
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SATELLITE A, PHASE I-3

WAKE, ENIWETOK, MALOELAP—
(KNOWN)
MIDWAY

(UNKNOWN)
LIMIT 60° ZENITH DISTANCE
SATELLITE POSITION FIXED BY UNKNOWN
STATION FOR ORBITAL OBSERVATION

39—

N I S R SR B

174 176 178 180 -~178 ~176 —174 —-172 —170 - 168
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SATELLITE A

50° Inclination

Height = 1104 KM
Phase I -1
Wake, Eniwetok, Maloelap --- Tarawa, Nauru, Kusaie
@ A h(meters) Name
1 19,26667 166,65 6.0 Wake
2 11,35 162.33333 5.0 Eniwetok Known
Stations
3 8.9 170.85 LeO Maloelap
L 1.38333 173.15 3.0 Tarawa Unknown
. Station
I 13.2 174.0 1104000
II 749 163.0 1104000 Satellite
Positions
ITI 9.8. 174.0 1104000
L <0.53333 166.91667 8.0 Naurau Unlnown
Station
I 9.4 173.5 1104000
I1 9.3 160,0 1104000 Satellite
Positions
I1T 763 166,49 1104000
L 531667 163.0 629,0 Kusaie Unknown
Station
I 9.8 174.0 1104000
II 17.2 162,.2 1104000 Satellite
Positions
IIT 10.1 158.9 1104000
FINAL RESULTS:
Tarawa ¥ }07.1 Uncertainty (meters)
Naurn ¥ 521,8 n "
-
Kusaie ¥ 160.0 n "



50° Inclinatien

SATELLITE KX
Height = 1104 KM
Phase I - 5
Wake, Eniwetok, Maloelap =~ - - Ponape, Tokyo, Marcus
/) A h(meters) Name
1 19.26667 166,65 6,0 Wake
2 11.3% 162,33333 540 Eniwetok  Known
Stations
3 8.9 170.85 L0 Maloelap
L 6.,96667 158,2 305.0 Ponape Unkuown
Station
I 10.1 158.9 1104000
IT 7.8 170.1 1104000 Satellite
Positions
Ixx 18,0 163.1 1104000
I 12 163.5 1104000 Satellite
Positions
IT 16,5 168,5 1104000 Fixed by
Known
1T 12,1 170.3 1104000 Stations
L 35.6% 139.75 100 Tokyo Unknown
Station
I 30.6 146.0 1104000 Satellite
Positions
IT L0.6 146.0 1104000 Fixed by
Unknown
III 37.4 132.0 1104000 Station
L 2L.3 153,96667 7 Marcus Unknown
Station
I 20,2 160.8 1104000 Satellite
Pogitions
Unknown
IIT 21,2 14646 1104000 Station
FINAL RESULTS:
Ponape ¥ 159.0 Uncertainty (meters)
Tokyo 2 103,k " n
Marcus ¥ 1.8 " "
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20—

16—

41—

12—

0

+PONAPE

SATELLITE A,PHASE 14,5
LIMIT 60° ZENITH DISTANC}
WAKE,ENIWETOK,MALOELAD~

(KNOWN)
TARAWA,NAURU,KUSAIE, PONAPE
(UNKNOWN)

STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY KNOWN AND UNKNOWN STATIONS

FOR SIMULTANEOUS OBSERVATIONS

oWAKE

o)

+KUSAIE

o TARAWA

J

162 164 166 168 170

174

176



46r

A4 }—

42 —

38—

6

M

21—

28

SATELLITE A, PHASE I-5
LIMIT 60° ZENITH DISTANCE
WAKE, ENIWETOK, MALOELAP-
(KNOWN)

TOKYO
(UNKNOWN)

SATELLITE POSITIONS FIXED BY UNKNOWN
STATION FOR ORBITAL OBSERVATION

TOKYO

130

132 134 136 138 140 142 144 146 148

28



N

74 ol

25—

r 1N g

”—

7

-

SATELLITE A, PHASE I-5

LIMIT 60° ZENITH DISTANCE

WAKE, ENIWETOK, MALOELAP-

SATELLITE POSITION FIXED BY UNKNOWN
STATION FOR ORBITAL OBSERVATION

(KNOWN)
MARCUS
(UNKNOWN)

MARCUS
[ ]

144

146

162



80° Inclination

SATELLITE A .
Height = 1104 KM
Phase I -6
Kusaie, Ponape, BEniwetok =--- Truk
g A h(meters) Name
1 5.31667 163.0 629 Kusaie
2 6.96667 158,2 305 Ponape Known
Stations
L 7.L45 151.85 370 Truk Unknown
Station
I 6.9 151,2 1104000
IT 16.7 159.6 1104000 Satellite
Posgitions
IIT -0.6 160.8 1104000
FINAL RESULTS:
Truk % 229.2 Uncertainty (meters)



LO® Inclination

SATELLITE C
Height = 1104 KM
Phase I - 7
Truk, Ponape, Kepingamarangi --- Pulusuk, Ifalik
¢ A h(meters) Name
1 7.45 151.85 370 Truk
2 6.96667 158,.2 305 Ponape Known
Stations
3 1.06667 155,75 25 Kapingamarangi
L 6.68333 149.31667 50 Pulusuk Unknown
Station
I 8.6 W6.L 1104000
IT L3 154.3 1104000 Satellite
Positions
IIT 12,2 159.9 1104000
b 7.2333 1L, 36667 27 Ifalik  Unknown
Station
I 8.6 6.k 1104000
I 2.7 151,2 110},000 Satellite
Positions
III 13.0 155.1 1104000
FINAL RESULTS:
Pulusuk t 126.2 Uncertainty (meters)
Ifalik t  262.1 " "

3]
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-6

—

IFALIK
L]

SATELLITE A, PHASE I-6,7
LIMIT 50° ZENITH DISTANCE
KUSAIE, PONAPE, ENIWETQK—-PHASE I-6 (TRUK)

(KNOWN) (UNKNOWN)
TRUK, PONAPE, KAPINGAMARANGI-PHASE 1-7 (PULUSUK, IFALIK)
(KNOWN) (UNKNOWN)

SATELLITE POSITIONS FIXED BY KNOWN AND
UNKNOWN STATIONS FOR SIMULTANEOUS OBSERVATIONS

')

.PUI.USUK

KAPINGAMARANGI

l | | I I ] | | |

144

146

148 150 152 154 156 158 160 162 164



L4O° Inclination

SATELLITE ¢
Height = 110l KM
Phase I -8
Truk, Ifalik, Manus - - - - Saipan, Guam, Ulithi
¢ A h(meters) Name
1 7.5 151.85 370 Truk
2 7023333 1lk.36667 27 Ifalik Known
Stations
3 =1.91667 146.88333 1 Manug
L 15.2 145.7 152 Saipan Unknown
Station
T L.7 110.3. TIOL000
II 7.2 15hel 1104000 Satellite
Positions
IIT 9.9 147.0 1104000
L 13.48333 1hL.78333 100 Gusm  Unknown
' . Station
I 2.2 11,2 110L;000
o 7.0 15,6 1104000 Satellite
. Positions
III 9.9 7.6 1104000 :
4 10.03333 139.78333 1 Ulithi Unknown
Station
I -1l.1 W3.7 1104000
II - 7.7 140,0 1104000 Satellite
Positions
IIT 9.0 151.6 1104000
FINAL RESULTS:
Seipan % 281.9 Uncertainty (meters)
Cuan 4 21501‘ n b
Ulithi % 193.9 " "
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1i0° Inclination

SATELLITE C
Height = 1104 KM
Phase I -~ 9
Truk, Ifalik, Manus - - = Palau, New Guinea
g A h(meters) Name
L 7.61667 134.58333 183 Babelthuap, Unknown
Palau Station
I -0.6 1L3.2 1104000
II 7.7 140,0 1104000 Satellite
Positions
III 9.9 146.2 1104000
L -1.48333 137.9 30 Kaap D'Urville, Unknown
New Guinea Station
II 0.6 14242 1104000 Satellite
Positions
III 9,2 142.9 1104000
FINAL RESULTS:
Palau t ' 369,9 Uncertainty (meters)
New Guinea ¥ 297,2 " n
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SATELLITE C PHASE .8, 4
LIMIT 60° ZENITH DISTANCE
TRUK, IFALIK, MANUS-
(KNOWN)

PHASE 1-8 (SAIPAN, GUAM, ULITHD
PHASE 1-9 (PALAU, NEW GUINEA)
(UNKNOWN)

SATELLITE POSITIONS FIXED BY KNOWN
AND UNKNOWN STATIONS FOR SIMULTANEOUS OBSERVATIONS.

20

-

BABELTHUAP

uTH)

JKAAP D'URVILLE

|

1

SAIPAN

GUAM

i

I

J

|

138

140

142

144
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40° Inclination
SATELLITE C
Height = 1104 KM
Phase I -10

Kapingamarangi, Rabaul, Manus -= Port Moresby, Cooktown,

Townsville
/] A h(meters) Name
1 1.66667 " 155,75 25 Kapingamarangi
2 le2 152,18333 . 16 Rabaul Known
Stations
3 -1.91667 146.88333 2 Manus
b =9.46667 147.2 152 Port Moresby Unknown
: Station
1 1.8 143.9 1104000 Satellite
Positions
II 6.3 158.4 1104000 Fixed by
) Unknown
I11 -T2 148.2 1104000 Station
L =15.L6667 15.33333 100 Cooktown Unknown
Station
I 3.8 147.6 1104000 Satellite
Positions
II  -23.7 154.0 1104000 Fixed by
Unknown
IIT -26.5 138.0 1104000 Station
L <~19.5 146.66667 100 Townsville Unknown
Station
I ~-9.8 155.9 1104000 Satellite
Positions
II -0 144.0 1104000 Fixed by
Unknown
III 1.0 16046 1104000 Station
I 7.5 146.0 1104000 Satellite
Positions
I  -27.0 156.0 1104000 Fixed by
Known
LI -29,5 —110.0 1104000 _____ ,__ Stations
Limit 60  Zenith Distance
FINAL RESULTS: . 'O , ( )
+ 209.1 Uncertainty (meters
STeon®™™Y I 292.9 n "
Townsville t 288.5 " "

38



~24

-2

-

-32

SATELLITE ¢, PHASE I-10
LIMIT 60 ZENITH DISTANCE

KAPINGAMARANGI, RABAUL, MANUS

(KNOWN)

PORT MORESBY, COOKTOWN,

TOWNSVILLE
(UNKNOWN)

1. PORT MORESBY (UNKNOWN)
SATELLITE POSITIONS FIXED
BY KNOWN AND UNKNOWN
STATIONS FOR SIMULTANEOUS
OBSERVATIONS,

2. SATELLITE POSITIONS FIXED
BY KNOWN STATIONS FOR ORBI-
TAL OBSERVATIONS(FOR COOK-
TOWN AND TOWNSVILLE).

« PORT MORESHY

+ COOKTOWN
3. COOKTOWN (UNKNOWN) SAT-
ELLITE POSITIONS FIXED BY
UNKNOWN STATION FOR ORBI-
TAL OBSERVATION.

o« TOWNSVILE
4. TOWNSVILLE (UNKNOWN) SAT-
ELLITE POSITIONS FIXED BY
UNKNOWN STATION FOR OR-
BITAL OBSERVATION.

[ 1 1 |

|

il

140

142 144 148 148 150

1354

156

150

160



40° Inclination
SATELLITE C
\ Height = 110k KM

Phase I « 11

Ulithi, Babelthuap, Kaap D'Urville,--- Catabate, Surigao

(New Guinea)

¢ 2\ h(meters) Name
1 10.03333 139,78333 1 Ulithi
2 761667 134.58333 183 Babelthuap, Known
(New Guinea) Stations
3 =1.48333 13749 30 Kaap D 'Urville
(New Guinea)
A 7.15 124.15 683 Catabato Unknown
Station
I -0.1 133.5 1104000
II 6.0 128,85 1104000 Satellite
Positions
IIT 10.3 135.5 1104000
L 9,75 125.41667 305 Surigao Unknown
Station
I 0.2 132.8 1104000
II 6.0 128.5 1104000 Satellite
Positions
IIT 10.L4 137.2 1104000

FINAL RESULTS:

Catabato

Surigao

Limit - 60° Zenith Distance

+

£89.6 Uncertainty (meters)

509.5 " ]

(R 4

10



SATELLITE C, PHASE I-11
LIMIT 60° ZENITH DISTANCE
ULITHI, BABELTHUAP, KAAP D'URVILLE
(KNOWN)
CATABATO, SURIGAO
(UNKNOWN)

SATELLITE POSITIONS FIXED BY KNOWN
AND UNKNOWN STATIONS FOR SIMULTA-
NEOUS OBSERVATIONS.

® ULITHI

12 p—
10 p—
o SURIGAO
81—
® CATABATO
6 —
¢
4 -
2 —
o S
KAAP D'URVILE
L ]
| | | ] 1 I | 1 J
124 126 128 130 132 134 136 138

41

140



90° Inclination
SATELLITE B
Height = 3200 KM

Phagse I - 12

Kaap D'Urville, Kuching, Aparri --- Darwin, Wyndham
¢ A h(meters) Name
1 -1,48333 137.9 30 Kaap D 'Urville
2 1.5 110.33333 25 Kuching Knowm
Stations
3  18.13333 121.9 740 Aparri
L -12.33333 130.83333 30 Derwin Unknown
Station
I 8.4 117.2 3200 000
II  12.5 132.7 3200 000 Satellite
Positions
IIT 6.8 124.0 3200 000
L -15.55 128,05 120 Wyndham Unknown
Station
I 6.k 116.4 3200 000
II 8.6 134.2 3200 000 Satellite
Positions
IIT  -6.8 124.0 3200 000
Limit - 60° Zenith Distance
FIMAL RESULTS:
Darwin ¥ 181.6 Uncertainty (meters)
wyndham ¥ 203.1 " "

L2



SATELLITE B, PHASE I-12
LIMIT 60° ZENITH DISTANCE
KAAP D’URVILLE, KUCHING, APARRI
(KNOWN)

DARWIN, WYNDHAM
(UNKNOWN)

STATION COORDINATES AND SATELLITE POSITIONS FIXED BY
THE 3 KNOWN STATIONS AND THE 2 UNKNOWN STATIONS
FOR THE SIMULTANEOUS OBSERVATIONS
20 —

APARRI,

d JKUCHING

12— «DARWIN

l | FWYNDHAM I

KAAP D'URV!LLE.

104 108 12 116 120 124 128 132 136

43

140



L0 Inclination
SATELLITE C
Height = 1104 KM

Phase II -1

Laccadives, Maldives, Columbo =~ - - Cocos Island
g A h(meters) Name
1 10,08333 73.63333 0 Laccadiv o
2 5.96667 73.38333 0 Maldives Known
Station
3 6.93333 79.85 10 Columbo
I 2.2 73.5 1104000 Satellite
_ Positions
ITI 13.6 75.6 1104000 Fixed by
Known
IIT 7.6 81.0 1104000 Stations
'h =12,11667 96.,91667 0 Cocos faland Unknown
Station
I -9.,6 89.L 1104000 Satellite
Positions
IT -13.4 10L4.8 1104000 Fixed by
Unknown
IIT L3 93.6 1104000 Station

Limit 60° Zenith Distance

FINAL RESULTS:
89.; Uncertainty (meters)
1% . 8 1t it

i+

Laccadivag

i$

Maldives

Cocos Island + 393.5 " "

Lk



SATELLITE C, PHASE II-1
LIMIT 60° ZENITH DISTANCE
LACCADIVES, MALDIVES, COLUMBO—
(KNOWN)
COCOS ISLAND
(UNKNOWN)
SATELLITE POSITIONS FIXED BY KNOWN STATIONS
FOR ORBITAL OBSERVATION WITH COCOS ISLAND

+LACCADIVES

COLUMBO,

« MALDIVES

48 70 72 74 76 78 80 82

45
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11

13

15

19

21

SATELLITE C, PHASE II-1
LIMIT 60° ZENITH DISTANCE
LACCADIVES, MALDIVES, COLUMBO—
(KNOWN)
COCOS ISLAND
(UNKNOWN)
SATELLITE COORDINATES FIXED BY UNKNOWN
STATION FOR ORBITAL OBSERVATION

47



90° Inclination
SATELLITE B
Height = 3200 KM
Phase II ~ 2

Karachi, Columbo, Calcutta --- Chagos Archipelago, Dante, Socotra

g 2 h(meters)  Name
1 21,61667 66,15 25 Karachi
2 6.93333 79.85 10 Columbo Known
Stations
3 22,55 88,35 6 Calcutta
L =7.31667 72.43333 2 Chagos Archipelago
Unknown
Station
I 16.k 6L.2 3200 000
IT 12.)4 88,1 3200 000 Satellite
Posgitions
IIT 1. 75.4 3200 000
L 10,43333 51.3 230 Dante Unknown
Station
I 13.2 65.2 3200 000
II 28.8 68.0 3200 000 Satellite
Positions
III 1,7 The7 3200 000
L 12.53333 5L.L48333 305 Socotra Unknown
Station
I bk 6L.8 3200 000
II 29.4 71.6 3200 000 Satellite
Positions
III 2.5 TT.4 3200 000

Limit - 60° Zenith Distance

FINAL RESULTS:

Chagos Archipelago % 215.0 Uncertainty (meters)
Dante : 373.2 " "
Socotra ¥ 235 " "

L8



32

24

L

SATELLITE B, PHASE II.2
LIMIT 60° ZENITH DISTANCE
KARACHI, COLOMBO, CALCUTTA-
(KNOWN)
CHAGOS ARCHIPELAGO, DANTE, SOCOTRA
(UNKNOWN)
STATION COORDINATES AND SATELLITE POSITIONS FIXED
BY THE THREE KNOWN STATIONS AND THE TWO UNKNOWN
STATIONS FOR THE SIMULTANEOUS OBSERVATIONS

® SOCO™A

® DANTE

® CHAGOS ARCHIPELAGO

’—— ® cocos 1siano

L2l ” 102 106 no 4

49



90° Inclination

50

SATELLITE B
Height = 3200 KM
Phase II - 3
Dante, Chagos Archipelago, Mangalore --- Mogadiscio, Diego Suarez,
Mauritius
g A h(meters) Name
1 10,43333 51,3 230 Dante Known
Stations
2 =7.31667 72.143333 2 Chagos Archipelago
3 12, 83333 75 oo 31 }hngalore
L 2.03333 45.33333 13 Mogadiscio  Unknown
. Station
I 16,6 65.4 3200 000
II 0.8 53.1 3200 000 Satellite
Positions
IIT 8.6 68,0 3200 000
Lk -12,26667 k9.3 N Diego Suarez Unknown
Station
I 11.6 5643 3200 000
II =keO0 56,6 3200 000 Satellite
Positions
IIT  -3.2 72.5 3200 000
L -20,16667 57.48333 305 Mauritius Unknown
Station
I L.0 51,6 3200 000
IT 7.2 60,0 3200 000 Satellite
Positions
11T -1.1 13.6 3200 000
FINAL RESULTS:
Mogadiscio % 155.7 Uncertainty (meters)
Diego Suarez % 248.9 "
Mauritius ¥ 309.7 "



SATELLITE B, PHASE II-3
LIMIT 60° ZENITH DISTANCE
DANTE, CHAGOS ARCHIPELAGO, MANGALORE
(KNOWN)
MOGADISCIO, DIEGOSUAREZ, MAURITIUS
(UNKNOWN)

¢ MANGALORE

* MOGADISCIO

L]
CHAGOS ARCHIPELAGO

* DIEGO SUAREZ

* MAURITIUS

44 48 52 56 60 64 68 72 76
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90° Inclination

SATELLITE B

Height = 3200 KM

Phase II - L

Chagos Archipelago, Mogadiscio, Mauritius -- Mombasa, Ft. Dauphin,

Kilwa
g A h(meters) Name
1 -7.31667  72.L43333 2 Chagos Archipelago
2  2.03333  U5.33333 13 Mogadiscio Known
Stations
3 -20,16667  57.L8333 305 Mauritius
L =U4.06667 39.,68333 5 Mombasa Unknown
- Station
I 5.6 L7.h 3200 000
Positions
IITI -18.0 60.0 3200 000
L -25.03333  L47.0 1000 Ft. Dauphin Unknown
Station
I -21.6 5242 3200 000
II -0.3 L18.6 3200 000 Satellite
Positions
IIT -10.2 67.0 3200 000
L -8.75 39.25 100 Kilwa Unlnown
Station
I -8.0 7.4 3200 000
IT LS 60.L 3200 000 Satellite
Positions
III -15.0 63.k 3200 000
FINAL RESULTS:
+ )
Mombasa -~ 156.8 Uncertainty (meters)
Fort Dauphin ¥ 173.1 " n
Kilwa t 157.6 " "

52



-20 —

24—

—28

SATELLITE B PHASE 1I-4
LIMIT 60° ZENITH DISTANCE

CHAGOS ARCHIPELAGO, MOGADISCIO, MAURITIUS

(KNOWN)
MOMBASA, FORT DAUPHIN, KILWA
(UNKNOWN)

STATION COORDINATES AND SATELLITE POSITIONS FIXED
BY THE 3 KNOWN AND 3 UNKNOWN STATIONS FOR THE
SIMULTANEOUS OBSERVATIONS

MOGADISCIO,

+MOMBASA

oKILWA

+FORT DAUPHIN

CHAGOS ARCHIPELAGO ,

36

40

44

48 52 56 60 64
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68 72

76



90° Inclination
SATELLITE B
Height = 3200 KM

Phase II - 5 & 6

Lusaka, Brazzaville, Luderitz - - - St. Helena
g A h(meters) Name
1 -15,.41667 28.3 5 ‘ Lusaks
2  =L.51667 15,28333 318 Brazzaville Known
Stations
3 26,65 15,15 5 Luderitsz
L -15.91667 =5.91667 305 St.Helena Unknown
Station
I -16,0 3.4 3200 000
IT -2.2 19.2 3200 000 Satellite
Positions
IIT -29.1 18.6 3200 000
FINAL RESULTS:
Brazzaville * 267.8 Uncertainty (meters)

-+

St. Helena 231.0 " "

54



SATELLITE B, PHASE II-5, 6
LIMIT 60° ZENITH DISTANCE
LUSAKA, BRAZZAVILLE, LUDERITZ
(KNOWN)

ST HELENA
(UNKNOWN)

STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN AND 1 UNKNOWN STATION
FOR THE SIMULTANEOUS OBSERVATION

f o BRAZZAVILLE

-8
-12 —
o ST HELENA JLUSAKA
¢ —16 <>
-20 r-
Y 7y .
o LUDERITZ

~28F—
» | | | | | | | | L]
-8 —4 0 4 8 12 16 20 24 28 32



90° Inclination

SATELLITE 1
Height = 3200 KM
Phase II - 7
Brazzaville, St. Helena, Walvisbaa -~- Ascension, Accra, lagos
"} A h(metere) Name
1 =L.51667 15,28333 318 Brazzaville
2 -=15.91667 -5.91667 305 St. Helena Known
Stations
3 =22,96667 1L.5 5 Walvisbaa
b -7.95 -1l. 36667 287 Ascension Unknown
Station
I -26.0 6.9 3200 000
T -12.0 -8.0 3200 000 Satellite
Positions
ITI 1,2 L6 3200 009
L  5.58333 -0.25 67 Accra Unknown
Station
I -17-6 "900 3200 000
T  -3,2 0,8 3200 000 Satellite
Positions
IITI -10,8 18.4 3200 000
L 6,45 3.141667 4o JAgOS Unknown
Station
I 12,6 8.4 3200 000
Positions
IIT -20,0 18.7 3200 000

FIMAL RESULTS:

Ascension

Accra

Lagos

-+ )+

-+

LIMIT - 60° Zenith Distance

179.L4 Uncertainty (meters)
20)_“ 9 " "
180 . h 1] "
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¢ —12

-20

—24

—28

SATELLITE B, PHASE I1-7
LIMIT 60° ZENITH DISTANCE
BRAZZAVILLE, ST HELENA, WALVISBAAI
(KNOWN)
ASCENSION, ACCRA, LAGOS
(UNKNOWN)

STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN AND 3 UNKNOWN STATIONS
FOR THE SIMULTANEOUS OBSERVATIONS

¢ ACCRA

BRAZZAVILLE .

¢ ASCENSION

L]
WALVISBAAI

—-12 -8 —4 0 4 8 12 16 20



90° Inclinecation

SATELLITE B
HEIGHT = 3200 KM
Phase II - 8
Ascension, Brazzaville, Accra «w- Freetown, Dakar, Boa Vista
¢ A h(meters) Name
1  -7.95 =1);. 36667 287 Ascension
2  =L.,51667 15,28333 318 Brazzaville Known
Stations
3 5.583333 0.25 67 Accra
L 8.48333 <13.23333 305 Freetown Unknown
— Station
IT -19.8 =649 3200 000 Satellite
: Pogitions
ITII 1.3 9.7 3200 000
L 14,66667 18,55 23 Dakar Unknown
Station
I 6.8 =Te2 3200 000
IT 8.7 9.2 3200 000 Satellite
Positions
oI 7.4 52 3200 000
L 16,01667 -~22.55 31 Boa Vista Unknown
Station
I 6.8 =Te2 3200 000
II -3.5 =9.6 3200 000 Satellite
Positions
IITI 13.0 -0,8 3200 000
FINAL RESULTS:
Freetown Y 1.8.7 Uncertainty (meters)
Dakar t 1s58,5 " n
Boa Vista % 202,1 " "
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SATELLITE B, PHASE 11-8
LIMIT 60° ZENITH DISTANCE
ASCENSION, BRAZZAVILLE, ACCRA
(KNOWN)
FREETOWN, BOA VISTA, DAKAR
(UNKNOWN)

20 — STATION COORDINATES AND SATELLITE POSITIONS FIXED
BY 3 KNOWN AND 3 UNKNOWN STATIONS FOR
THE SIMULTANEOUS OBSERVATIONS

16 — BOA VISTA

12

. r_ FREETOWN

4 }—
¢ 0}
—4 BRAZZAVILLE
8
-2}~
—16
T L ! | | | . : 1 | 1

-32 —28 —24 -20 -16 -12 -8 -4 [ 4 ] 16

59



90° Inclination

SATELLITE B
Height = 3200 KM
Phase II - 9
Accra, Brazzaville, Ascension ~- Tetuan, Oran
g A h(meters) Name
1 5,58333 -0.25 67 Accra
2 =U.51667 15.28333 318 Brazzaville Known
Stations
3 -7.9 -11.36667 287 Ascension
I -18.8 =540 3200 000 Satellite
Positions
II 13.9 =2.0 3200 000 Fixed by
Known
III -17.8 8.4 3200 000 Stations
L 35.58333 -5.38333 10 Tetuan Unlmown
Station
I 60,2 1.6 3200 000 Satellite
Positions
II 13.5 -17.2 3200 000 Fixed by
Unknown .
IIT 28.8 18,54 3200 000 Station:
L 35.33333 =0.3 31 Oran Unknown
Station
I 60,2 -1l.6 3200 000 Satellite
Positions
I 17.0 -17.2 3200 000 Fixed by
Unknown,
III 18.8 18.L 3200 000 Station,

FINAL RESULTS:

Tetuan

Oran

14+

"~

234.6 Uncertainty (meters)

199.L

60

Limit 60° Zenith Distance

"



84

52

48

44

36

32

28

24

T 20

- 24

SATELLITE B, PHASE 119
LIMIT 60" ZENITH DISTANCE
ACCRA, BRAZZAVILLE, ASCENSION
(KNOWN)

TETUAN, ORAN
(UNKNOWN)

L. TETUAN & ORAN (UNKNOWN)
SATELLITE POSITIONS FIXED BY
EACH OF THE UNKNOWNS FOR
THE ORBITAL OBSERVATIONS.

STETUAN

2. ACCRA, BRAZZAVILLE. ASCEN-
SION (KNOWNS) SATELLITE PO-
SITIONS FIXED BY THE KNOWNS
FOR THE ORBITAIL OBSERVA
TIONS.

SMRAZZAVILE

- »ASCENSION

-2 —~324 -20 - 16 12 -0 4 0 4 (] 12 1¢ 20 24

61
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90° Inelination

SATELLITE B

Height = 3200 KM

Phage II] - 1

Ascension, Accra, Dakar

--- Fernando de Noronha, Recife

[/ A h(meters) Name
1 ~T95 =1L.36667 287 Ascension
2 5.58333 ~0.25 67 Accra Known
Stations
3 14.66667 -18,55 23 Dakar
L =3.66667 =~32.41667 50 Fernando de Unknown
Noronha Station
I -0.8 =2kl 3200 000
II 16.8 =167 3200 000 Satellite
Positions
I1T ~7.8 ~8,0 3200 000
L -8.15 -34.78333 100 Recife Unknown
Station
I «0,8 =2k 3200 000
II 1. -23.7 3200 000 Satellite
Positions
111 =846 ~9.8 3200 000
Limit - 60° Zenith Distance
FINAL RESULYS:

Fernando de Noronha % 200,5 Uncertainty (meters)

1+

Recife 312,5 n "

6z



SATELLITE B, PHASE III-1
LIMIT 60° ZENITH DISTANCE
ASCENSION, ACCRA, DAKAR
(KNOWN)

FERNANDO DE NORONHA, RECIFE
(UNKNOWN)

STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN AND 2 UNKNOWN STATIONS
FOR THE SIMULTANEOUS OBSERVATIONS

24 —

-3 -3 -28 —24 -20 -16 -12 -8 -4



40° Inclination
SATELLITE C
Height = 1104 KM

Phase IIT - 2

Fernando de Noronha, Parnaiba, Aracaju --- Freetown
g A h(meters) Name
1 =3,66667 =32.41667 50 Fernando de Noronha
2 =3.75 «}j2.25 S0 Parnaiba Known .
' Stations
3 -11.03333 -37.03333 100 Aracaju
I -1.5 "hhol 110’4 000 Satellite
Positions
II -0.8 -3047 1104 000 Fixed by
Known
IIT -l4.6 -38.2 1104 000 Stations
L 8.5 =13.16667 305 Freetown Unknown
' Station
I 0. -20.1 1104 000 Satellite
Positions
I 17.1 «30,2 1104 000 Fixed by
Unknown
II 15.0 262 1104 000 Station
Limit - 60° Zenith Distance
FINAL RESULTS:

Freetown ¥ 151.1 Uncertainty (meters)

&l



SATELLITE C,PHASE [i1-2
FERNANDO DE NORONHA, PARNAIBA, ARACAJU
(KNOWN)

FREETOWN
(UNKNOWN)

o FREETOWN

1. FREETOWN (UNKNOWN) SAT-
ELLITE POSITIONS FIXED BY
THE UNKNOWN STATION FOR
THE ORBITAL OBSERVATION,

~26 pm

-8 b

-32

=

L_ 2, FERNANDO DE NORONHA,
kel PARNAIBA, ARACAJU (KNOWN)
SATELLITE POSITIONS FIXED BY
THE 3 KNOWN STATIONS FOR

™ . THE ORBITAL OBSERVATION,
I
Y
i
W
S TR S IS NSO IO N N |
n 20 19 % 4 12 10 L} o 4 H
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SATELLITE

Phase

90° Inclination

D

Height = 3200 KM

III - 3

Arica, Buenos Aires, Rio de Janeiro - Palmer Peninsula, Punta Arenas

Falkland Islands

1/ A h(meters) Name
~18.53333 -70.36667 300 Arica
2 -34.58333 -58,33333 25 Buenos Aires  Known
Stations
3 =23.25 =L3.5 300 Rio de Janeiro
i =6L4.25 =59.5 - 100 ‘Palmer Peninguls Unknown
Station
1 =25.8 =581 3200 000 Satellite
Positions
II -28.2 =L7.h 3200 000 Fixed by
Known
111 -41.5 =60.7 3200 000 Stations
I -40.8 -67.6 3200 000 Satellite
Positions
II 76,0 =372 3200 000 Fixed by
Unknown
III -85.2 =73.2 3200 000 Station
L ~53.16667 =71.0 Loo Punta Arenas  Unknown
Station
T -25.8 681 3200 000
II -35.0  -51.7 3200 000 Satellite
Positions
IIT 1.6 =60.,6 3200 000
L -51,08333 -57.65 200 Falkland Unknown
— _Jalands =~ Station
I .28.2 68,0 3200 000
IO -28.2  -L7.5 3200 000 Satellite
Positions
III -41.6 ~6046 3200 000

FINAL RESULTS:
. Palmer Peninsula

Punta Arenas

Falkland Islands

1I+1414

66

L35.5 Uncertainty (meters)
h10.7 ! "
261.9 " "



SATELLITE D, PHASE III-3
LIMIT 60° ZENITH DISTANCE
ARICA, BUENOS AIRES, RIO DE JANEIRO
(KNOWNS)
PALMER PENINSULA PUNTAS ARENAS,FALKLANDS
(UNKNOWNS)

1A, ARICA, BUENOS AIRES, RIO
DE JANEIRO (KNOWNS) PUNTAS
ARENAS & FALKLANDS (UN-
KNOWNS) STATION COORDI-
NATES AND SATELLITE POSI-
TIONS FIXED BY THE 3 KNOWN
AND 2 UNKNOWN STATIONS FOR
SIMULTANEOUS OBSERVATION.
1B. SATELLITE POSITIONS FIXED
BY THE 3 KNOWN STATIONS
FOR THE ORBITAL OBSERVA-
TION.

-tb p—

ARICA ,

~-20 p—

oRO DE JANEIRO

—24 }—

—28 pb—

~-32 }—

—40 }—

— 44 p—

¢ 48 —

o PUNTAS ARENAS o FALKLANDS

-~ 52 p—

2, PALMER PENINSULA (UN-
KNOWN) SATELLITE POSITIONS
FIXED BY THE UNKNOWN STA-
TION FOR THE ORBITAL OB-
SERVATION.

oPALMER PENINSULA

-72 }—

w76 p—




90° Inclination
SATELLITE D
Height = 3200 KM
Phase IIT - )4

Parnaiba, Rio de Janeiro, Arica -~ Trinidad, Buenos Aires

g A h(meters) Name
1 =3.75 «}42.25 50 Parnaiba
2 223,25 =L3.5 300 Rio de Janeiro Known
Stations
3  =18.53333 -70.36667 300 Arica
L 10.5 -61.5 200 Trinidad Unknown
Station
I -ih.z 6448 3200 000
II =40 =4l.3 3200 000 Satellite
Positions
III -2.8 =576 3200 000
L -3L.58333 -58.33333 25 Buenos Aires Unknown
7 Statiom
I .10.8 © =6545 3200 000
II1 .-21.8 =369 3200 000 Satellite
.Positions
III =26,0 ~53¢2 3200 000 )

FINAL RESULTS:

Trinidad % 265.6 Uncertainty (meters)
Buenos Aires # 1946 " "

68



—~24 —

—28 L—

—324

I

SATELLITE D, PHASE III-4
LIMIT 60° ZENITH DISTANCE

PARNAIBA, RIO DE JANEIRO, ARICA

(KNOWN)
TRINIDAD, BUENOS AIRES
(UNKNOWN)

STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN AND 2 UNKNOWN STATIONS

FOR THE SIMULTANEOUS OBSERVATIONS

l

TRINIDAD
*

.lUENOS AIRES

RIO DE JANEIRO

— 40
-72

—68

— 64

- 56 - 52 — 48

69

— 44

— 40

~36

-32



90° Inclination
SATELLITE D
Height = 3200 KM
Phase III -~ §

Trinidad, San Jose, lima -« Galapagos

g A h(meters) Name
1 1005 -61 os 200 Trinidad
2 9.5 «85.5 1500 San Jose Known
Stations
3  =12.03333 ~77.03333 1000 Lima
N 0 -89.00 100 Galapagos Unknown
Station
I <11.8 -T2.h 3200 000
he | LeO <6l ly 3200 000 Satellite
Positions
I1T 12.0 =86.5 3200 000

"Idmit 60° Zenith Distance

FINAL RESULTS:

Galapagos - 123.3 Uncertainty (meters)

70



SATELLITE D, PHASE I1I-5
LIMIT 60° ZENITH DISTANCE
TRINIDAD, SAN JOSE, LIMA—

(KNOWN)
GALAPAGOS
(UNKNOWN)

SATELLITE POSITIONS FIXED BY THE
3 KNOWN STATIONS AND THE UNKNOWN
STATION FOR THE SIMULTANEOUS OBSERVATION

® TRINIDAD

® SAN JOSE
+GALAPAGOS
® UMA
] | I i | | 1 | I N
—~92 ~88 —84 - 80 —-76 -72 —68 - 64 - 60 - 56
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SATELLITE

Phase

90°
D

Inclination

Height = 3200 KM

IIT -6

Memphis, Haiti, Manganillo --- Galapagos, Clipperton, Bermuda

g A h(meters) Name
1 3L.71667 -89.75 50 Memphis
2 19,0 -72,0 500 Haiti Known
Stations
3 19.5 -104.0 200 Manganillo
L 0 -89.0 100 Galapagos Unknown
Station
I 9.6 -88,0 3200 000
II 24.0 =964 3200 000 Satellite
Pogitions
IITI  23.0 -79.4 3200 000
L 10.5 -106.33333 100 Clipperion Unknown
Station
II 32,0 =93k 3200 000 Satellite
Positions
III 12,8 -81.4 3200 000
L 32,31667 =611,83333 100 Bermda Unknown
Station
I 371 -89,2 3200 000
IT 2644 -80.0 3200 000 Satellite
Positions
IIT 12.6 -80,0 3200 000
| Limit - 60° Zenith Distance
FINAL RESULTS:
Galapagos 2 189.8 Uncertainty (meters)
Clipperton % 17L.8 " n
Bermuda ¥ 130.8 n "

12



SATELLITE D, PHASE 111-6
LIMIT 60' ZENITH DISTANCE
MEMPHIS, HAITI, MANGANILLO
(KNOWN)
GALAPAGOS, CLIPPERTON, BERMUDA
(UNKNOWN)
STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN STATIONS AND THE 3 UNKNOWN

40 F' STATIONS FOR THE SIMULTANEOUS OBSERVATIONS

36 }—

a2 b— BERMUDA
28 —

24—

20~ «MANGANILLO

JHAIT
16 —
12—
« CLISPERTON

. —

+

ol GALAPAGOS
. 1 1 L 1 1 L] Lo |
12 —108 ~104 - 100 —96 -92 Y ~84 - 80 -76 -72 .68 -84 -
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90° Inclination
SATELLITE D
Height = 3200 KM
Phagse IV -1

Haweii, Midway, Howland -~ Christmas, Canton

g A h(meters) Name
1 19.21667 ~155,86667 Ls7 Hawaii
2 28,21667 =177.33333 3 Midway Known
Stations
3 0.8 ~176,63333 9 Howland
L 2.0 ~157,.5 2 Christmas Unknown
Station
I 3¢5 =17942 3200 000
II Wb =152,6 3200 000 Satellite
Positions
IITI 22,0 <1764 3200 000
L =2.5 ~171,8 10 Canton Unknown
Station
I 3.5 -179.2 3200 000
II 1l «152,6 3200 000 Satellite
Positions
III 22,0 1764 3200 000
Limit 60° Zenith Distance
FINAL RESULTS:
Christmas <& 146.5 Uncertainty (meters)
Canton ¥ 133,6 " "

Tl



SATELLITE D, PHASE 1V-1

LIMIT 60° ZENITH DISTANCE

HAWAIL MIDWAY, HOWLAND- '

(KNOWN)
CHRISTMAS, CANTON
(UNKNOWN)
STATION COORDINATES AND SAT! LLITE POSITIONS
FIXED BY THE 3 KNOWN AND 2 UNKNOWN STATIONS
FOR THE SIMULTANEOUS OBSERVATIONS

-28 — * MIDWAY
—~24

20— Hawal

16 —

12—

8 |—
¢ 4P

CHRISTMAS
o HOWLAND
SANTON

—d

-8}
—12 b—
—16 b—
[ N R N N A B

172 176 180 -176 -172 —168 —~ 164 —160 - 156 -~ 152

)
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Howland, Christmas, Johnston

SATELLITE D

Phase

90° Inclination

Height = 3200 KM

v -2

Upolu, Tonga, Papeete

g A h(meters) Name
0.8 -176.,63333 9 Howland
2 1,98333 «157.48333 2 Christmas Known
Stations
3 16,75 ~169,51667 12 Johnston
L -13.6667 =171.7 18 Upolu Unknown
Station
I 9.2 178.7 3200 000
I 8.1 -168.0 3200 000 Satellite
Positions
II1 1.6 -152.0 3200 000
L -21,26667 -175.11667 L9 Tonga Unknown
Station
I 2.4 17746 3200 000
IT -8.0 -171.2 3200 000 Satellite
Positions
IIT  <4.9 -156.14 3200 000
L -17.55 «149.56667 0 Papeete  Unknown
Station
I 7.7 «172.6 3200 000
II 5.6 =157.6 3200 000 Satellite
Positions
I11 7.0 -152.8 3200 000

FINAL RESULTS:

"+

Upolu
Lik.k
Papeete ¥ 396.8

I+

Tongea

Limit 60° Zenith Distance
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~20 —

—24 }—

SATELLITE D, PHASE IV-2
LIMIT 60° ZENITH DISTANCE
HOWLAND, CHRISTMAS, JOHNSTON
(KNOWN)
UPOLU, TONGA, PAPEETE
(UNKNOWN)
STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN AND 3 UNKNOWN STATIONS
FOR THE SIMULTANEOUS OBSERVATIONS

-

«CHRISTMAS
+HOWLAND

+UPOLY

+TONGA

PAPEETE

|

—28
176

—176 -172 —168 —164 - 160 ~156
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90° Inclination

SATELLITE D
Height = 3200 KM
Phase IV - 3
Nauru, Howland, Tonga - - - Nandi, Guadalcanal, New Caledonia
g A h(meters) Name
1 -0 053333 166.91667 8 Nauru
2 0.8 -176,63333 9 Howland Known
Stations
3 -21.26667 =175.11667 L9 Tonga
h -17 9 17 Te ,45 19 Nandi Unlmown
Station
I 11,8 161.9 3200 000
II -23.2 177.0 3200 000 Satellite
Positions
III 2.6 -168.4 3200 000 ‘
L ~9.43333 159.96667 6 Guadalcanal Unknown
Station
I -11.8 161.9 3200 000
o -20.0 =176.5 3200 000 Satdllite
Positions
ITI 2.8 -178.7 3200 000
L -22,05 166.18333 17 New Caledonia Unknown
Station
I «20,0 169.6 3200 000
II -12.0 -171.0 3200 000 Satellite
Positions
III 1.3 174.8 3200 000
Limit 60° Zenith Distance
FINAL RESULTS:
Nandi * 104.,0 Uncertainty (meters)
GCuadalcanal ¥ 169.2 " n
New Caledonia ¥ 190.9 " n
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12 —

-12 r—-

—-16 p—
~20 —
—u—

-2

SATELLITE D, PHASE IV-3
LIMIT 60° ZENITH DISTANCE
NAURU, HOWLAND, TONGA
(KNOWN)
NANDI, GUADALCANAL, NEW CALEDONIA
(UNKNOWN)
STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN AND 3 UNKNOWN STATIONS

FOR THE SIMULTANEOUS OBSERVATIONS

+THOWLAND

GUADA.I.CANAL

oNANDI

JTONGA
JNEW CALEDONIA

S

-32
156

160 164 168 172 176 180 -176 ~172
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90%Inclination

SATELLITE D
Height = 3200 KM
Phase IV - 4
Nandi, Guadalcanal, Brisbane - - Auckland, Wellingtom
g A h(meters) Name
1 -17.9 177.45 19 Nandi
2 -9.L3373  159.96667 6 Guadalcanal Known
Stations
3 ~27.5 152,83333 150 Brisbane
L ~36,86667 17L.8 30 Auckland Unknown
Station
1 =32.0 169.6 3200 000
II ~2L.2 153.5 3200 000 Satellite
Pogitions
I1I ~12,2 172.4 3200 000
N ~39,16667 17L4.78333 31 Wellington Unkmown
Station
T ~372.4 169.6 3200 000
II ~25,6 153.9 3200 000 Satellite
Positions
III -1h.4L 174.0 3200 000

FINAL RESULTS:

Auckland I 210.6 Uncertainty (meters)

Limit - 60° Zenith Distance

Wellingtont 243.5 u
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SATELLITE D, PHASE IV-4
LIMIT 60° ZENITH DISTANCE
NANDI, GUADALCANAL, BRISBANE
(KNOWN)
AUCKLAND, WELLINGTON
(UNKNOWN)

STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN AND 2 UNKNOWN STATIONS
FOR THE SIMULTANEOUS OBSERVATIONS

° pe—
4
GUADALCANAL
-8
—12}—
—16}—
—20 }—
*
BRISBANE
[]
el AUCKLAND
WELUINGTON
—40 }—
—4d
Py L
144 148 152 156 160 164 168 172 176 180
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90° Inclination

SATELLITE D
Height = 3200 KM
Phase V = 1
Sid Ifni, Tunis, Brest - - - Pico
¢ A h(meters) Name
1 29.38333 ~10,18333 L9 Sidi Ifni
2 36,8 10,16333 15 Tunis Known
Stations
3 hBQh -hoh8333 91 Brest
L 38,05 =27.05 305 Pico Unknown
Station
I L1.2 -1,k 3200 000
II 53.0 -8.0 3200 000 Satellite
A Positions
III  23.6 ~T46 3200 000
Limit 60° Zenith Distance
FINAL RESULTS:

Pico ¥ 360.7 Uncertainty (meters)
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52

48

44

¢ 3

2

L

24

SATELLITE D, PHASE V-1
LIMIT 60* ZENITH DISTANCE
SIDI IFNI, TUNIS, BREST-PICO
(KNOWN) (UNKNOWN)
STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN AND 1 UNKNOWN
STATION FOR THE SIMULTANEOUS OBSERVATION

| L ] J 1 1

~18 ~-12 - —4 °



90° Inclination

SATELLITE D
Height = 3200 KM
Phase V - 2
Molde, Kenmare, Reykjavik - ~ - Jan Mayen
4 A h(meters) Name
1 62,06667 =7.21667 91l Molde
2 ©51,88333 -9.,58333 305 Kenmare Known
Stations
3  6L4.13333  -21.91667 0 Reykjavik
L 71.13333  -8,03333 305 Jan Mayen Unknown
—_ Station
I L6. =be3 3200 000
II 63,2 -31.8 3200 000 Satellite
Positions
IIT  7L.6 0.8 3200 000

FINAL RESULTS:

Jan Mayen = 167.L TUncertainty (meters)

8L
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76

72

68

64

56

52

48

44

SATELLITE D, PHASE V-2
LIMIT 60° ZENITH DISTANCE
MOLDE, KENMARE, REYKJAVIK-JAN MAYEN
(KNOWN) (UNKNOWN)

STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN AND 1 UNKNOWN STATIONS
FOR THE SIMULTANEOUS OBSERVATION

¢ JANMAYEN

* REYKJAVIK

o MOLDE

* KENMARE

-32 ~28 -2 -20 -16 -12 -8 —4 0



90° Imclination
SATELLITE D
Height = 3200 KM
Phase V - 3

Narvik, Helsinki, Shetland - « - Sorkaap

[/ A h(meters) Name
1 68,41667 17.41667 1,48 Narvik
2 60,16667 2L4.93333 123 Helsinki Known
Stations
3 60.38333 -1.35 152 Shetland
L 76.25 16.5 200 Sorkaap Unknown
Station
I 957.8 0.6 3200 000
II 545 21,9 3200 000 Satellite
Positions
III  80.9 12.0 3200 000
Limit 60° Zenith Distance
FINAL RESULTS:

Sorkaap : 223.6 Uncertainty (meters)



SATELLITE D, PHASE V-3
LIMIT 60° ZENITH DISTANCE
NARVIK, HELSINKI, SHETLAND—SORKAAP
(KNOWN) (UNKNOWN)
STATION COORDINATES AND SATELLITE POSITIONS
FIXED BY THE 3 KNOWN AND 1 UNKNOWN STATIONS
FOR THE SIMULTANEOUS OBSERVATION

84 —

80#—

76 —

72 —

68 —

64 —

56_

52-——

48 —

44 —

SHETLAND

SORKAAP,

o« NARVIK

«HELSINKI
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SUMMARY

FINAL RESULTS
Satellite Phase No, Known Sites Unknown Sites Uncertainty
(meters)

A I-1| Johnston Tarawa t 99.3
Kaunai
Laysan

A I - 2 | Johnston Palmyra 58L.8
Kauai Howland 157.8
Hawaili

A I -3 | Wake Midway 102.2
Eniwetok Howland 195.4
Maloelap

A I-)4 |Wake Tarawa L4o7.1
Bniwetok Nauru 521.8
Maloelap Kusaie 160.0

A I-5 |Wake Tokyo 103.4
Eniwetok Ponape 159,0
Maloelap Marcus 141.8

A I - 6 | Kusaie Truk 22542
Pomaps
Eniwetok

(] I-7 |Truk Pulusuk 126.2
Ponape Ifalik 262,1
Kapingamarangi

c I-8 |Truk Saipan 281.9
Ifalik Guan 215.L
Manus Ulithi 193,9

c I-9 |Truk Palau 369.9
Ifalik New CGuinea 297.2
Manus

c I = 10 |Kapingamarangi |Port Moresby 209,1
Rabaul Cooktown 292.9
Manus Townsville 288,5

C I -1l |Uldithi Catabato 589.6
Babeltimap Surigao 509.5
Kaap D'Urville




SUMMARY

FINAL RESULTS
Satellite Phase No, Known Sites Unknown Sites Uncertainty
(meters)

B I - 12| Kaap D'Urville Darwin +181.6
Kuching Wyndham 203.1
Aparri

c II = 1| Laccadives
Maldives .
Columbo Cocos Island 393.5

B II - 2 |Karachi Chagos Archipelago| 215.0
Columbo Dante 373.2
Calcutta Sodotra 235.1

B II. - 3 |Dante Mogadiscio 155,7
Chagos Arch. |Diego Suarez 2L8.9
Mangalore Mauritius 309.7

B II - L |Chagos Arch. |Mombasa 156.8
Mogadiscio Fort Dauphin 173.1
Mauritius Kilwa 157.6

B II -5,6 |Iusalka Brazzaville 267.8
Brazzaville Saint Helena 231.0
Luderitz

B IT - 7 |Brazzaville Ascension 179.4
Saint Helema |Accra 204.9
Walvisbaa Lagos 180.4

B II - 8 |[Ascension Freetown 148.7
Brazzaville Dakar - 15845
Acera Boa Vista 202,1

B II = 9 {Accrs Tetuan 234.6
Brazzaville Oran 199.4
Ascension

B III - 1 |Ascension Fernando de Noronh? 200,5
Accra Recife 312.5
Dakar

c III - 2 |Fernamdo de Freetowm 151.1

Noronha

Parnaiba
Aracaju

.,
O



SUMMARY

FINAL RESULTS
Satellite Phase No, Known Sites Unknown Sites Uncertainty
(meters)

D 'ITI -~ 3| Arica Palmer Peninsula [ + L35.5
Buenos Aires Punta Arenas L10.7
Rio de Janeiro| Falkland Islands 261.9

D JII - 4| Parnaiba Trinidad 265.6
Rio de Janeiro| Buenos Aires 194.6
Arica

D III - 5| Trinidad Galapagos 123.3
San Jose
Lima

D IITI - 6| Memphis Galapagos 189,8
Haiti Clipperton 17L.8
Manganillo Bermda 1430.8

D IV - 1| Hawaii Christmas 146.5
Midway Canton 133.6
Howland

D IV - 2] Howland Upolu 190.6
Christmas Tonga hi.h
Johnston Papeete 396.8

D IV - 3| Nauru Nandi 104.0
Howland Guadalcanal 169.2
Tonga New Caledonia 190.9

D IV - 4| Nandi Auckland 210.6
Guadalcanal Wellington 2L3.5
Brisbane

D V- 1] Sidi Ifni Pico 360,7
Tunis
Brest

D V - 2| Molde Jan Mayen 167.4
Kenmare
Reykjavik

D V - 3| Narvik Sorkaap 223.6
Helsinki
Shetland




V.. SUMMARY OF RESULTS

The probable error in the corrections to the unknown positions
is a function of the relationships between the three known stations
and the area of simultaneity; relatively large errors indicate that
the stations were poorly positioned. ‘In this case a longer observa-
tional period would be required in order to obtain a smaller probable
error.

VI’ CONCLUSION

The determination of the coordimates of an unknown geodetic
point on the earth in relation to other known points can be accom-
plished through the use of satellites with known heights and inclina-
tions. Given the geometry set by the three points whose positions
are known and the unknown point, the error im the corrections to the
position determined for the unikmown point can be computed by applying
the principle of propagation of errors. The résulta of this error
analysis are affected to a great exten£ by the geometric cohfigura-
tions chosen and by the type of satellite-tracking equipment employed.
For a more accurate determination of the geodetic positions, the
equipment and geometric configurations used must be improved.

This report is intended to present a sample world-wide satellite
tracking program and to give the results which could be expected from
such a program if it were to be carried out. The program preseated

is not to be considered as a final plam.
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